APPENDIX 1: END-USE CODES

This appendix contains the codes for each conservation measure, for easy
reference when analyzing the options shown in Appendices 2-3. The first two pages

contain all the end-use codes, and the third page contains a graphical representation of the
space conditioning codes that will aid comprehension.
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USA-ELEC
END USES AND CODES

CODE NAME

BWTV Black and white television sets, 13 inch
CD-E Clothes Dryer electric

CTV Color television sets 19-20 inch

EANE Existing multi family w/o cooling, North
EANEC  Existing MF w/ CAC, North

EANER  Existing MF w/ RAC, North

EANGC  Existing MF w/ non-elec htg & CAC, North
EANGR  Existing MF w/ non-elec htg & RAC, North
EANHP Existing MF w/ heat pump, North

EASE Existing multi family w/o cooling, South
EASEC Existing MF w/ CAC, South

EASER Existing MF w/ RAC, South

EASGC  Existing MF w/ non-elec htg & CAC, South
EASGR  Existing MF w/ non-elec htg & RAC, South
EASHP Existing MF w/ heat pump, South

EMNE Existing mobile homes w/o cooling, North
EMNEC  Existing MH w/ CAC, North

EMNER  Existing MH w/ RAC, North

EMNGC  Existing MH w/ non-elec htg & CAC, North
EMNGR  Existing MH w/ non-elec htg & RAC, North
EMNHP  Existing MH w/ heat pump, North

EMSE Existing mobile homes w/o cooling, South
EMSEC  Existing MH w/ CAC, South

EMSER  Existing MH w/ RAC, South

EMSGC  Existing MH w/ non-elec hig & CAC, South
EMSGR  Existing MH w/ non-elec htg & RAC, South
EMSHP  Existing MH w/ heat pump, South

ERNG Electric Range

ESNE Existing SF homes w/o cooling, North
ESNEC  Existing SF w/ CAC, North

ESNER Existing SF w/ RAC, North

ESNGC  Existing SF w/ non-elec htg & CAC, North
ESNGR  Existing SF w/ non-elec htg & RAC, North
ESNHP Existing SF w/ heat pump, North

ESSE Existing SF homes w/o cooling, South
ESSEC Existing SF w/ CAC, South

ESSER Existing SF w/ RAC, South

ESSGC  Existing SF w/ non-elec hig & CAC, South
ESSGR  Existing SF w/ non-elec htg & RAC, South
ESSHP Existing SF w/ heat pump, South

EWH Elec. Water Heater

FRZR Manual defrost freezer

LTG Lighting (Indoor and Outdoor)

MISE Miscellaneous electricity

NANE New multi family w/o cooling, North
NANEC  New multi family w/ CAC, North
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NANER

New muiti family w/ RAC, North

NANGC  New MF w/ non-elec htg & CAC, North

NANGR  New MF w/ non-elec htg & RAC, North

NANHP New multi family w/ heat pump, North

NASE New multi family w/o cooling, South

NASEC New multi family w/ CAC, South

NASER  New multi family w/ RAC, South

NASGC  New MF w/ non-elec htg & CAC, South

NASGR  New MF w/ non-elec htg & RAC, South

NASHP  New muiti family w/ heat pump, South

NMNE New mobile homes w/o cooling, North

NMNEC  New mobile homes w/ CAC, North

NMNER  New mobile homes w/ RAC, North

NMNGC New MH w/ non-elec htg & CAC, North

NMNGR New MH w/ non-elec hig & RAC, North

NMNHP  New mobile homes w/ heat pump, North

NMSE New mobile homes w/o cooling, South

NMSEC  New mobile homes w/ CAC, South

NMSER  New mobile homes w/ RAC, South

NMSGC New MH w/ non-elec htg & CAC, South

NMSGR New MH w/ non-elec htg & RAC, South

NMSHP  New mobile homes w/ heat pump, South

NSNE New single family homes w/o cooling, North

NSNEC  New SF electric furnace, CAC homes in North
NSNER New SF electric furnace homes with room AC, North
NSNGC  New SF non-electrically heated homes w/ CAC, North
NSNGR New SF non-electrically heated homes w/ RAC, North
NSNHP  New single family homes w heat pumps, North

NSSE New single family homes w/o cooling, South

NSSEC New SF electric furnace, CAC homes in South
NSSER New SF electric furnace homes with room AC, South
NSSGC New SF non-electrically heated homes w/ CAC, South
NSSGR  New SF non-electrically heated homes w/ RAC, South
NSSHP New single family homes w heat pumps, South

REF Refrigerator

LIST OF ACRONYMS

AC Air conditioning

CAC Central air conditioning
RAC Room air conditioning
SF Single family home

MF  Multi family

MH Mobile home
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Figure A-1: End Use Codes for Space Conditioning

Column 1 Column 2 Column 3 Column 4 Column 5
Vintage House Type Region Heating Type |Cooling Type
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(1) New Homes are defined as those built after 1990
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APPENDIX 2a: CONSERVATION MEASURE DATABASE 2000

This appendix contains the conservation measures that are plotted in Figure 5,
ranked in order of Cost of Conserved Energy (CCE). The CCE represents technology
cost—no program costs are included. Applicable stock represents the number of
appliances or building shells to which the measure can be applied from 1990 to 2000. All
costs from sources in Appendix 3 have been converted to 1989$.
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APPENDIX 2b: CONSERVATION MEASURE DATABASE 2010

This appendix contains the conservation measures that are plotted in Figure 6,
ranked in order of Cost of Conserved Energy (CCE). The CCE represents technology
cost—no program costs are included. Applicable stock represents the number of or
building shells to which the measure can be applied from 1990 to the end of the analysis
period.
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APPENDIX 3: COMMENTS ON CONSERVATION MEASURES

The following detailed tables document the sources and methods used to derive
the energy savings numbers in our national database. The first three pages (Figures
A.3.1-A.3.3) show graphical depictions of the most complicated end-uses (ranges, dryers,
and water heaters). They show baseline unit energy consumptions (UECs) at the top, and
the UECs and eligible fractions for each branch in the supply curve for these end-uses.

References
References to Koomey 1991 should read Koomey et al. 1991.

References to RECS 87 are to US DOE 1989a (US DOE, U.S. Department of
Energy. 1989a. Residential Energy Consumption Survey: Housing Characteristics 1987.
EIA, Energy Information Administration. DOE/EIA-0314(87). May 1989)

References to PEAR are to EAP 1987 (EAP, Energy Analysis Program. 1987.
Program for Energy Analysis of Residences (PEAR 2.1): User's Manual. Lawrence
Berkeley Laboratory. PUB-610. March 1987.)

References to LBL's Appliance Energy Conservation database are to LBL. 1990.
Appliance Energy Conservation Database. Lawrence Berkeley Laboratory. September
1990.

Explanation of abbreviations and terms
UEC = unit energy consumption (baseline unit)

UES = unit energy savings for a single measure, assuming all preceding measures
have already been implemented.

incremental cost = the added cost of improving the efficiency of an appliance or
building over the preceding measure. For all end-uses except existing buildings, this
parameter is defined as the cost per applicable building (or device). The costs shell
measures in existing buildings are taken from a source that did not show the cost per
applicable building, so the incremental cost in this case is averaged over ALL existing
buildings, and hence appears lower in absolute terms than would be expected. See text
for more explanation.

lifetime = life of measure or device, in years

% of stock applicable = the percentage of all homes or appliances in an enduse to
which the measure can be applied

preceding measure = those measures implemented before implementing the
measure under consideration
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Consumer price index conversion factors used in ACCESS:

To convert from to factor =
1983 $ 1989% 1.24
1984 $ 1.19
1985 $ 1.15
1986 $ 1.13
1987 $ 1.09
1988 $ 1.05
1989 $ 1.00
1990 $ 0.95
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Figure A-3.1: ELECTRIC RANGE

Baseline ERNG
UEC = 944 kWh

ERNGO1 ERNGO02

Induction &!mproved Oven Switch to Gas Range
70% eligible 22% eligible

UEC = 694 kWh UEC = 0 kWh

Measure eligibility is expressed as a percentage of total electric range stock.
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Figure A-3.2: ELECTRIC CLOTHES DRYER

Baseline CD-E
UEC = 880 kWh

CD-EO1

1994 Standard
100% eligible
UEC = 807 kWh

CD-EO02

Heat Pump Dryer
64% eligible
UEC = 282 kWh

CD-EO03

Switch to Gas Dryer
36% eligible

UEC =0 kWh
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Measure eligibility is expressed as a percentage of total electric clothes dryer stock.




Figure A-3.3 : ELECTRIC WATER HEATER

EWH Baseline Unit
UEC = 3539 kWh

EWHO1

1994 Standard Clotheswasher
(Hot Water Savings), 91.5% eligible
UEC = 3494 kWh

EWHO08
Switch to Gas, 8.5% eligible
UEC = 0 kWh

EWHO02

Flow Restrictors, 91.5% eligible
UEC = 2621 kWh

|

EWHO03

1994 Standard Dishwasher
(Hot Water Savings), 91.5% eligible
UEC = 2576 kWh

l

EWHO04

Reduce Standby Losses, 91.5% eligible
UEC = 2151 kWh

Measure eligibility is expressed as a percentage of
total EWH stock.

We assume that all electric WHs in the south and
10% of the WHSs in the north that were not switched
to gas will be switched to HPWHs (i.e., 48% of all
EWHs can be switched to HPWHSs). We have assumed
only half of the 48% is achievable in the

1995-2000 period, since factories would need
time to gear up. After 2000, all 48% will be
eligible.

We assume that half of all clothes washers will be
switched to horizontal axis clothes washers between
1995 and 2000. After 2000, we assume that all
could be switched to horizontal axis. The energy
savings depends on the efficiency of the water
heater, hence there are different measures for
horizontal axis washers in homes with EWH and in
homes with HPWH. The eligible fraction in each
case is equal to the saturation of clotheswashers in
1990 (80.9%; or 40.4% eligible before 2000)
times the percentage of units with HPWHSs or with
EWHs.

(1<995 - 2000)

(Post - 20Q0)

EWHO05

Heat Pump WH
24% eligible
UEC = 1076 kWh

EWHo07

Horizontial Axis CW
(Standard EWH)
27.3% eligible
UEC = 1866 kWh

EWH10

EWHO8 Horizontial Axis GW
Heat Pump WH Standard EWH
48% eligible (Standar )

35.2% eligible

UEC = 1076 kWh UEC = 1866 kWh

EWHO06

Horizontial Axis CW
9.7% eligible

UEC = 934 kWh

EWHO09

Horizontial Axis CW
38.9% eligible
UEC = 934 kWh
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APPENDIX 4: END-USE ENERGY IN FROZEN EFFICIENCY CASE
This appendix contains the detailed breakdown of end-use energy in the frozen

efficiency case, for 1990, 2000, and 2010, taken from ACCESS. All numbers are in
TWh/year.
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FROZEN EFFICIENCY CONSUMPTION IN 1990

ENDUSE
CATEGORY CODE ENERGY
Lighting
LTG 100.11
total 100.11
Other
BWTV 1.73
CD-E 45.89
CcTV 18.01
ERNG 62.32
MISE 52.80
total 180.74
Refrigeration
FRZR 37.23
REF 132.02

total 169.24
Space Conditioning

EANE 9.49
EANEC 11.32
EANER 16.29
EANGC 0.89
EANGR 1.46
EANHP 9.00
EASE 3.98
EASEC 7.08
EASER 2.65
EASGC 1.92
EASGR 0.57
EASHP 1.93
EMNE 0.59
EMNEC 0.67
EMNER 0.82
EMNGC 0.52
EMNGR 0.22
EMNHP 0.13
EMSE 0.98
EMSEC 1.71
EMSER 1.98
EMSGC 0.71
EMSGR 0.82
EMSHP 0.15
ESNE 13.44
ESNEC 15.23
ESNER 13.39
ESNGC 9.54
ESNGR 3.82
ESNHP 10.40
ESSE 6.27
ESSEC 21.28
ESSER 9.18
ESSGC 25.45
ESSGR 9.11

ESSHP 18.82

total 231.81
Water Heating

EWH 146.18

total 146.18

Total for all enduses: 828.091 TWh
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FROZEN EFFICIENCY CONSUMPTION IN

ENDUSE
CATEGORY
Lighting
Other
Refrigeration

Space Conditioning

CODE

LTG
total

BWTV
CD-E
CcTV
ERNG
MISE
total

FRZR
REF
total

EANE

EANEC
EANER
EANGC
EANGR
EANHP
EASE

EASEC
EASER
EASGC
EASGR
EASHP
EMNE

EMNEC
EMNER
EMNGC
EMNGR
EMNHP
EMSE

EMSEC
EMSER
EMSGC
EMSGR
EMSHP
ESNE

ESNEC
ESNER
ESNGC
ESNGR
ESNHP
ESSE

ESSEC
ESSER
ESSGC
ESSGR
ESSHP
NANE

NANEC
NANER
NANGC
NANGR
NANHP

2000

ENERGY

114
114

20

60

28
127

=
COORHROOOOCOOORFOHNOAWNRFONO®

=
GO NI W

et
o

.28
.28

.97
54,
.55
77.
.27
215.

94

92

65

.33
.12
156.

05

11
.33
.92
.70
.16
.70
.65
.22
.39
.52
.45
.60
.42
.48
.59
.33
.14
.08
71
.18
.40
.44
.51
.10
.45
.99
.35
.64
.94
.96
.80
.85
.29
.37
.99
i
.86
.88
.53
.21
.12
.34

Water Heating

NASE

NASEC
NASER
NASGC
NASGR
NASHP
NMNE

NMNEC
NMNER
NMNGC
NMNGR
NMSE

NMSEC
NMSER
NMSGC
NMSGR
NMSHP
NSNE

NSNEC
NSNER
NSNGC
NSNGR
NSNHP
NSSE

NSSEC
NSSER
NSSGC
NSSGR
NSSHP
total

EWH
total

Total for all enduses:
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=
O FONOVUONRFUUIOOONWOOOOODOOO OO KO

11
276

164
164

826.710 TWh

.28
.33
.19
.51
.02
.40
L1l
.21
.23
.12
.04
.98
.30
.02
.71
.24
.18
.62
.52
.88
.29
.21
.32
.98
.01
.74
.79
.53
.39
.23

.50
.50



FROZEN EFFICIENCY CONSUMPTION IN

ENDUSE
CATEGORY
Lighting
Other
Refrigeration

Space Conditioning

CODE

LTG
total

BWTV
CD-E
CTV
ERNG
MISE
total

FRZR
REF
total

EANE

EANEC
EANER
EANGC
EANGR
EANHP
EASE

EASEC
EASER
EASGC
EASGR
EASHP
EMNE

EMNEC
EMNER
EMNGC
EMNGR
EMNHP
EMSE

EMSEC
EMSER
EMSGC
EMSGR
EMSHP
ESNE

ESNEC
ESNER
ESNGC
ESNGR
ESNHP
ESSE

ESSEC
ESSER
ESSGC
ESSGR
ESSHP
NANE

NANEC
NANER
NANGC
NANGR
NANHP

2010

ENERGY

124.

124

22

21

142

COOHOOOOCCOCOOORROFNUWORE OWWI

o e
Ul NG N

=
~

21

.21

.15
61.

25

.34
83.
65.

234.

13
50
37

.24
120.

98

.22

.84
.30
.43
.63
.04
.93
.26
.57
.14
.36
.40
.44
.31
.34
.42
.24
.10
.06
.51
.85
.01
.32
.37
.07
.34
.75
.26
.96
.68
.16
.27
L11
.52
.49
.35
.31
.21
.90
.96
.38
.21
.62
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NASE

NASEC
NASER
NASGC
NASGR
NASHP
NMNE

NMNEC
NMNER
NMNGC
NMNGR
NMSE

NMSEC
NMSER
NMSGC
NMSGR
NMSHP
NSNE

NSNEC
NSNER
NSNGC
NSNGR
NSNHP
NSSE

NSSEC
NSSER
NSSGC
NSSGR
NSSHP
total

Water Heating
EWH
total

Total for all enduses:

e

=

fuy
FOUWoUano WO OOOR MO NODODODODOOOODONMO

322

184
184

1007.627 TWh

.53
.54
.37
.97
.03
L7
.22
.42
.46
.24
.08
.00
.67
.08
.44
.49
.36
.20
.01
.40
.15
.38
.90
.61
.85
.28
.01
.00
21.

43

.31

.53
.53



APPENDIX 5: CONSERVATION SUPPLY CURVES BY END-USE CATEGORY

This appendix contains the supply curves and measure tables by end-use category,
from which the grand supply curves (Figures 5 and 6) are created. The end uses are:

Space conditioning

Refrigeration

Water heating

Lighting

Other

As before, the CCE represents technology cost--no program costs are included.

Applicable stock represents the number of appliances or building shells to which the
measure can be applied from 1990 to the end of the analysis period.
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Cost of Conserved Energy (cents/kWh)

15

12

Year 2010 MTP for Space Conditioning

1 1 ¥ 1 1 ]
Discount rate: I 7.0% I I I RET
Forecast year: 2010 11 g
Start year: 19380 11 E
Baseline energy consumption (TWh)
for year 2010= 322.309 } j

13

1

1

1

“}1989 Residential Price of i

| Etectricity — 7.60 cents/kwh &

31% of
Baseline
Ulse

40 60 80 100
Energy Savings (TWh

A supply curve of conserved electricity for the United States residential

sector. Each step represents a conservation measure (or a package of measur

es). The width of the step indicates the nationwide electricity savings fro

m the measure and the height of the measure indicates the cost of conserve

d electricity.
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Cost of Conserved Energy (cents/kWh)

Year 2010 MTP for Refrigeration

l 5 51 1 1 1 1 1 I 1 1 I L] 1 i 1 1 1 |
Discount rate: 7.0 %
_| Forecast year: 2010
Start year: 1990
Baseline energy consumption (TWh) 9
7 for year 2010= 142.222 C
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"] 1989 Residential Price of
_| Electricity — 7.60 cents/kWh
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Energy Savings (TWh)

A supply curve of conserved electricity for the United States residential

sector. Each step represents a conservation measure (or a package of measur
es). The width of the step indicates the nationwide electricity savings fro

m the measure and the height of the measure indicates the cost of conserve
d electricity.
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Cost of Conserved Energy (cents/kWh)

Year 2010 MTP for Water Heating
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Discount rate; 7.0 %
_| Forecast year: 2010
Start year: 1980
Baseline energy consumption (TWh)
| for year 2010= 184.526
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Energy Savings (TWh

A supply curve of conserved electricity for the United States residential

sector. Each step represents a conservation measure (or a package of measur
es). The width of the step indicates the nationwide electricity savings fro

m the measure and the height of the measure indicates the cost of conserve
d electricity.
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Cost of Conserved Energy (cents/kWh)

Year 2010 MTP for Lighting

15 T T T T T T T T T T T T T T T T T T T T
Discount rate: 7.0 %
| Forecast year: 2010
Start year: 1990
Baseline energy consumption (TWh)
7| for year 2010=  124.206
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A supply curve of conserved electricity for the United States residential

sector. Each step represents a conservation measure (or a package of measur
es). The width of the step indicates the nationwide electricity savings fro

m the measure and the height of the measure indicates the cost of conserve
d electricity.
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Cost of Conserved Energy (cents/kWh)

Year 2010 MTP for Other

l 5 -1 i 1 1 ] i { i 1 1 1 1 1
Discount rate: 7.0 %
_| Forecast year: 2010
Start year: 1990
Baseline energy consumption (TWh)
7l for year 2010=  234.365
14
] O
12
9 —
“11989 Reslidential Price of
_| Electricity — 7.60 cents/kWh 11
1! 34% of
Bassline
N Ulse
J
o7 ' I ' ! ' I ; ! T I . I
0 20 60 80 100 120

40
Energy Savings (TWh)

A supply curve of conserved electricity for the United States residential

sector. Each step represents a conservation measure (or a package of measur
es). The width of the step indicates the nationwide electricity savings fro

m the measure and the height of the measure indicates the cost of conserve
d electricity.
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APPENDIX 6: DETAILED DESCRIPTION OF LIGHTING ANALYSIS

This appendix contains documented spreadsheets used to create the lighting
baseline and the lighting efficiency measures. Indoor lights are assumed on from 3-5
hours per day, and outdoor lights from 6-12 hours/day. Measures considered are: 1)
Timer and Photocell to control outdoor lights; 2) Compact Fluorescent screw-in lamps
where applicable without fixture change. Where CFLs do not fit, energy-efficient
incandescents (indoors) and halogen reflector lamps (outdoors) are installed; 3)
Compact Fluorescent Fixture replacement for the remaining incandescents, indoors and
outdoors.
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LIGHTING BASE CASE ASSUMPTIONS

BASE CASE - Large SF (>2400 sg ft) 14.4 % of total
Number Type Watt/ Hrs/ Fraction/ UEC Cost Relamp
of Lamps Lamp Day Year kWh (19905} Life
{yrs)

Interior

3 Inc 100 5 0.85 465 $2.25 0.55

5 Inc 75 5 0.85 582 $3.75 0.55

4 Inc 60 3 0.9 237 $3.00 0.91
Exterior

1 Inc 60 6 1 131 50.75 0.46

1 Inc 75 6 1 164 $7.99 0.46

1 Inc 150 6 1 329 $7.99 0.46
Total 15 1908 $25.73 0.63
Base Case — Medium SF (incl. duplex) 38.8% of total
Interior

2 Inc 100 5 0.85 310 $1.50 0.55

3 Inc 75 5 0.85 349 $2.25 0.55

2 Inc 60 4 0.95 166 $1.50 0.68
Exterior

1 Inc 60 6 1 131 $0.75 0.46

1 Inc 75 6 1 164 $7.99 0.46
Total 9 1121 $13.99 0.56
Base Case — Small SF, Mobile Home 19.2 % of total
Interior

1 Inc 100 5 0.85 155 $0.75 0.55

2 Inc 75 5 0.85 233 $1.50 0.55

2 Inc 60 4 0.95 166 $1.50 0.68
Exterior

1 Inc 60 6 1 131 $0.75 0.46
Total 6 686 $4.50 0.58
Base Case - Apt (2 or more units, no duplexes) 27.6 % of total
Interior

3 Inc 75 4 0.85 279 $2.25 0.68

3 Inc 60 4 0.9 237 $2.25 0.68
Exterior

1 Inc 60 12 1 263 $0.75 0.23
Total 7 779 $5.25 0.62
BASE CASE WEIGHTED AVERAGE 1056 $11.45 0.59

DEFINITION OF TERMS AND ASSUMPTIONS

1. % of total (population) values are from RECS1987 and are used to determine the weighted average cost,
UEC and relamp life.

2. Cost assumes $0.75 per incandescent lamp. In the base case, all lamps are assumed to be
incandescent (‘Inc’).

3. Relamp life is equal to the rated lamp life (1000 hrs for incandescents) divided by the number of hours

of use per year.

4. Fraction/yr indicates the fraction of the year that the lamp is used. Vacation periods lower the fraction

for interior lights, but we assume that exterior lights will be used even during vacation periods.

5. Saturations and hours of use are from the following utilities’ residential appliance saturation surveys:
Philadelphia Electric, Utah Power, Detroit Edison, Public Service Co. of Colorado, Cincinnati Gas and
Electric, West Penn Power, Public Service Indiana, and Iowa-Ilinois Gas and Electric.

6. Lifetimes and wattages are from various manufacturers’ catalogs.
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ASSUMPTIONS FOR FIRST LIGHTING CONSERVATION MEASURE (LTGO1)
Timer and Photocell for Exterior Lights

Number Type Watt/ Hrs/ Fraction/ UEC Cost Relamp
of Lamps Lamp Day Year kWh (1990%) Life
(yrs)

LTG0l - Large Single Family

Interior
3 Inc 100 5 0.85 465 0.55
5 Inc 75 5 0.85 582 0.55
4 Inc 60 3 0.9 237 0.91
Exterior
1 Inc 60 3 1 66 0.91
1 Inc 75 3 1 82 1.83
1 Inc 150 3 1 164 1.83
Timer & Pcell $100 x 0.35 sat $35.00
Total 15 1596 $35.00 0.84
LTG01L - Medium Single Family
Interior
2 Inc 100 5 0.85 310 0.55
3 Inc 75 5 0.85 349 0.55
2 Inc 60 4 0.95 166 0.68
Exterior
1 Inc 60 3 1 66 0.91
1 Inc 75 3 1 82 1.83
Timer & Pcell 5100 x 0.35 sat $35.00
Total 9 974 $35.00 0.76
LTG0l - Small SF, Mobile Home
Interior
1 Inc 100 5 0.85 155 0.55
2 Inc 75 5 0.85 233 0.55
2 Inc 60 4 0.95 166 0.68
Exterior
1 Inc 60 3 1 66 0.91
Timer & Pcell 3100 x 0.35 sat $35.00
Total 6 620 $35.00 0.65
LTG0l - Apartment
Interior
0 Inc 100 4 0.85 0 0.68
3 Inc 75 4 0.85 279 0.68
3 Inc 60 4 0.9 237 0.68
Exterior
1 Inc 60 6 1 131 0.46
Timer & Pcell 5100 x 0.5 sat x 0.25 shared $12.50
Total 7 647 $12.50 0.65
LTG0l WEIGHTED AVERAGE 905 $28.79 0.72
UNIT ENERGY SAVINGS (kWh) 151
ENERGY SAVINGS ($) $13.14
UNIT ADDED COST $28.79
NOTES:

1. This measure decreases the average hours outdoor lights are on in single family & mobile homes from

6 hours {(basecase) to 3 hours. We assume 35% leave the lights on more than 3 hours/day and do not already
have a timer.

2. In the apartment building basecase, we assume that 50% of all units leave exterior lights on more

than 6 hours/day. In this measure, we reduce the hours of operation of those lamps from 12 to 6 hours/day.
Each timer and photocell is assumed to be shared by an average of four apartment units.

3. Saturations are from utility residential appliance saturation surveys (see basecase).

4. Cost data are from Grainger’s General Catalog, No.377, 1990.
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ASSUMPTIONS FOR SECOND LIGHTING CONSERVATION MEASURE (LTG02)
*Compact Fluorescents (CF) where possible without fixture
change; energy saving incandescents elsewhere. These
include krypton lamps indoors (IncES) and halogen
lamps outdoors (Hal).

Number Type Watt/ Hrs/ Fraction/ UEC Cost Relamp
of Lamps Lamp Day Year kWh (1990%) Life
(yrs)

LTG02 - Large Single Family

Interior
2.1 IncES 95 5 0.85 309 $1.73 0.55
2.5 IncES 70 5 0.85 271 52.06 0.55
1.6 IncES 55 3 0.9 87 $1.32 0.91
0.9 CF 29 5 0.85 40 $27.09 5.48
2.5 CF 22 5 0.85 85 $68.85 4.93
2.4 CF 17 3 0.9 40 $33.60 9.13
834
Exterior
0.5 IncES 55 3 1 30 50.41 0.91
.5 CF 17 3 1 9 57.00 9.13
0.5 CF 22 3 1 12 $13.77 9.13
0.5 Hal 45 3 1 25 $5.63 1.83
1 Hal 65 3 1 71 $11.26 1.83
Total 15 981 $172.73 3.70
LTG02 - Medium Single Family
Interior
1.4 IncES 95 5 0.85 206 $1.16 0.55
1.5 IncES 70 5 0.85 163 $1.24 0.55
0.8 IncES 55 4 0.9 58 $0.66 0.68
0.6 CF 29 5 0.85 27 $18.06 5.48
1.5 CF 22 5 0.85 51 $41.31 4.93
1.2 CF 17 4 0.95 28 516.80 6.84
106
Exterior
0.5 IncES 55 3 1 30 50.41 0.91
0.5 CF 17 .3 1 9 $7.00 9.13
0.5 CF 22 3 1 12 $13.77 9.13
0.5 Hal 45 3 1 25 $5.63 1.83
Total 9 610 $102.98 3.50
LTG02 - Small SF, Mobile Home
Interior
0.7 IncES 95 5 0.85 103 $0.58 0.55
1 IncES 70 5 0.85 109 50.83 0.55
0.8 IncES 55 4 0.9 58 $0.66 0.68
0.3 CcF 29 5 0.85 13 $9.03 5.48
1 CcP 22 5 0.85 34 $27.54 4.93
1.2 CF 17 4 0.95 28 $16.80 6.84
76
Exterior
0.75 IncES 55 3 1 45 $0.62 0.91
0.25 CF 17 3 1 5 $3.50 9.13
Total 6 395 $57.49 3.20
LTG02 - Apartment
Interior
1.5 IncES 70 4 0.85 130 $1.24 0.68
1.2 IncES 55 4 0.9 87 $0.99 0.68
1.5 CF 22 4 0.85 41 541.31 6.84
1.8 CF 17 4 0.9 40 $25.20 6.84
Exterior
0.75 IncES 55 6 1 90 $0.62 0.46
0.25 CF 17 6 1 9 $3.50 4.56
Total 7 398 $70.63 3.70

212



LTG02 WEIGHTED AVERAGE 563 $95.36 3.53

UNIT ENERGY SAVINGS (kWh) 342

ENERGY SAVINGS (§5) $29.73

UNIT ADDED COST $83.92
Annualized unit added cost = $83.92 * CRF = $83.92 * 0.329 = $27.61
Net present value (incremental) = ($27.61 - $20.48) * 15 = $107
NOTES:

1. Because existing lamps can be retrofit by one of two lamp types, "number of lamps” may not be an integer.
2. Of interior lights, 30% of 100W fixtures, 50% of 75 W and 60% of 60W are retrofit. Of exterior lights,
50% of large and medium single family and 25% of small SF/mobile homes and apartments are retrofit.

3. The "unit added cost" is equal to the weighted average cost minus the basecase weighted average cost.
4. The annualized unit cost of the measure is equal to the unit added cost times the capital recovery
factor (D.R. = 7% and lifetime = 3.53 years).

5. The cost of the measure relative to the basecase (net present value) is equal to the difference between
the annualized unit added costs of this measure and the basecase, times the lifetime of the lighting
enduse (15 years).

6. Cost data are from Energy Federation Inc catalog, Massachusetts, March 1990.

7. Lifetimes and wattages are from various manufacturers’ catalogs.

8. Saturations were estimated by LBL Principal Research Associate Barbara Atkinson.

9. Unit energy savings assumes that LTG0l precedes this measure.
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ASSUMPTIONS FOR THIRD LIGHTING CONSERVATION MEASURE (LTG03)
*Compact Fluorescent Fixtures (CF fix) retrofit for remaining
incandescents that could not accept screw-in fluorescents.

Number Type Watt/ Hrs/ Fraction/ UEC Fixture Lamp Relamp
of Lamps Lamp Day Year kWh Cost Cost Life
(19903) (1990%) (yrs)

LTG03 - Large Single Family

Interior
2.1 cf fix 29 5 0.85 94 5174.76 $63.21 5.48
2.5 CF fix 22 5 0.85 85 $208.05 568.85 5.48
1.6 CF fix 17 3 0.9 27 $133.15 $22.40 9.13
0.9 CF 29 5 0.85 40 $27.09 5.48
2.5 CF 22 5 0.85 85 $68.85 4.93
2.4 CF 17 3 0.9 40 $33.60 9.13
Exterior
0.5 CF fix 17 3 1 9 $41.61 $7.00 9.13
0.5 CF 17 3 1 9 $7.00 9.13
0.5 CF 22 3 1 12 $13.77 9.13
0.5 CF fix 22 3 1 12 $41.61 $13.77 9.13
1 Hal 65 3 1 71 $1.83 1.83
Total 15 486 $599.18 $327.37 6.60
LTG03 - Medium Single Family
Interior
1.4 CF fix 29 5 0.85 63 5116.51 $42.14 5.48
1.5 CF fix 22 5 0.85 51 $124.83 $41.31 5.48
0.8 CF fix 17 4 0.9 18 $66.58 $11.20 6.84
0.6 CF 29 5 0.85 217 $18.06 5.48
1.5 CF 22 5 0.85 51 $41.31 4.93
1.2 CF 17 4 0.95 28 $16.80 6.84
Exterior
0.5 CF fix 17 3 1 9 $41.61 $7.00 9.13
0.5 CF 17 3 1 9 $7.00 9.13
0.5 CF 22 3 1 12 $13.77 9.13
0.5 CF fix 22 3 1 12 $41.61 $13.77 9.13
Total 9 281 $391.13 $212.36 6.50
LTG03 - Small SF, Mobile Home
Interior
0.7 CF fix 29 5 0.85 31 $58.25 $21.07 5.48
1 CF fix 22 5 0.85 34 $83.22 $27.54 5.48
0.8 CF fix 17 4 0.95 19 $66.58 $11.20 6.84
0.3 CF 29 5 0.85 13 $9.03 5.48
1 CF 22 5 0.85 34 $27.54 4.93
1.2 CF 17 4 0.95 28 $16.80 6.84
Exterior
0.75 CF fix 17 3 1 14 $62.42 $10.50 9.13
0.25 CF 17 3 1 5 $3.50 9.13
Total 6 179 $270.47 $127.18 6.45
LTGO03 - Apartment
Interior
0 CF fix 29 5 0.85 0 $0.00 $0.00 5.48
1.5 CF fix 22 5 0.85 51 $124.83 $41.31 5.48
1.2 CF fix 17 4 0.95 28 $99.86 $16.80 6.84
0 CF 29 5 0.85 0 $0.00 0.00
1.5 CF ©22 5 0.85 51 $41.31 6.84
1.8 CF 17 4 0.9 40 $25.20 6.84
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Exterior

0.75 CF fix 17 6 1 28 $562.42 $10.50 4.56
0.25 CF 17 6 1 9 $3.50 4.56
Total 7 208 $287.11 $138.62 6.23
LTG03 WEIGHTED AVERAGE 271 5369.21 s$1%2.21 6.43
UNIT ENERGY SAVINGS 293
ENERGY SAVINGS ($%) $25.45
UNIT ADDED COST $369.21 $108.30
Annualized unit added cost = $108.30 * CRF = $108.30 * 0.198 = $21.44
Net present value (incremental) = ($21.44 - $27.61) * 15 = -$92.55 + $369.21 = $276.66
NQTES:

1. The "unit added cost" of the lamps ($108.30) is equal to the weighted average cost minus the unit added
cost of the preceeding measure, LTG02.

2. The annualized unit cost of the lamps is equal to the unit added cost times the capital recovery factor
(D.R. = 7% and lifetime = 6.43 years). The fixture cost is a one-time cost of $369.21.

3. The net cost of this measure over LTG02 (net present value) is equal to the difference between the
annualized unit added lamp costs of the two measures times the lifetime of the lighting enduse (15 years),
plus the cost of the fixtures.

4. Cost data are from Energy Federation Inc catalog, Massuachusetts, March 1990 and Real Goods’ Alternative
Enerqgy Sourcebook catalog, CA, 1990.
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APPENDIX 7: PEAR BATCH INPUT FILES

This appendix shows the space conditioning prototype input assumptions as they
appear in the input files to the batch version of PEAR (EAP 1987).
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PEAR BATCH FILES FOR NEW SINGLE FAMILY HOMES

A. NORTH ELECTRIC FURNACE

> RUN = USN-ER CITY = CHICAGO , FOUND-TYP = BASMNT,
N-WINDOW =46.4, S-WINDOW =46.4,

W-WINDOW = 46.4, E-WINDOW = 46.4,

CEIL-R = 29, WALL-R = 15, INFILT= 0.4,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 15, WIND-SASH = WOOD, GLASS-TYP = REG,
MOV~INS = NONE, HTG-EQP = ER, HTG-EFF = 100, SETBACK = YES,
CLG-EQP = AC, CLG-EFF = 9.96, WIND-LAYS = 2

PROTO= 25, AREA=1856, FOUND-R = NONE

PERIM = 128.7, WALLAREA = 1930.7

B. NORTH GAS/OTHER HEATED

> RUN = USN-GAS CITY = CHICAGO FOUND-TYP = BASMT,
N-WINDOW =54.425, S-WINDOW =54.425,

W-WINDOW = 54.425, E-WINDOW = 54.425,

CEIL-R = 28, WALL-R = 14, INFILT= 0.56,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 12, WIND-SASH = WOOD, GLASS-TYP = REG,
MOV-INS = NONE, HTG-EQP = GFUR, HTG-EFF = 80, SETBACK = YES,
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 25, AREA=2177, FOUND-R=NONE

PERIM = 132, WALLAREA = 1979.5

$

? WIND-LAYS
% SETBASE

* 0.26 1

* 0.74 2

C. NORTH HEAT PUMP

> RUN = USN-HP CITY = CHICAGQ , FOUND-TYP = BASMNT,
N-WINDOW =55.55, S-WINDOW =55.55,

W-WINDOW = 55.55, E-WINDOW = 55.55,

CEIL-R = 28, WALL-R = 14, INFILT= 0.4,

ROOF-COLOR = DARK, WALL-COLCR = DARK, WALL-MASS = NONE,
FLOOR~-R = 13, WIND-SASH = WOOD, GLASS-TYP = REG,
MOV—-INS NONE, HTG-EQP = HP, HTG-EFF = 7.24

CLG-EQP = HP, CLG-EFF = 9.86

PROTO= 2S, AREA=2222, FOUND-R = NONE

PERIM = 133.4, WALLAREA = 1989.9

=)

WIND-LAYS
setbase
0.87 2
0.13 1

* % o@

E. SOUTH HEAT PUMP

> RUN = USS-HP CITY = CHARLESTO FOUND-TYP = SLAB,
N-WINDOW =45.575, S-WINDOW =45.575,

W-WINDOW = 45.575, E-WINDOW = 45.575,

CEIL-R = 25, WALL-R = 11, INFILT= 0.63,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 0, WIND-SASH = WOOD, GLASS-TYP = REG,

MOV-INS = NONE, HTG-EQP = HP, HTG-EFF = 7.24

CLG-EQP = HP, CLG-EFF = 9.86,
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PROTO= 1S, AREA=1823
PERIM = 186.6, WALLAREA = 1280.9

-

WIND-LAYS FOUND-R

% SETBASE

* 0.198 1 NONE
* 0.112 1 R5-2
* 0.442 2 NONE
* 0.248 2 R5-2

F. SOUTH ELECTRIC FURNACE

> RUN = USS-ER CITY = CHARLESTO FOUND-TYP = SLAB,
N-WINDOW =47.35, S-WINDOW =47.35,

W-WINDOW = 47.35, E-WINDOW = 47.35,

CEIL-R = 28, WALL-R = 10, INFILT= 0.62,

ROOF—COLOR = DARK, WALL—COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 0, WIND-SASH = WOOD, GLASS-TYP = REG,

MOV-INS = NONE, HTG-EQP = ER, HTG-EFF = 100, SETBACK = YES,
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 1S, AREA=1894

PERIM = 186.6, WALLAREA = 1999.9
$

? WIND-LAYS FOUND-R

% SETBASE

* 0.12 1 NONE

* 0.37 1 R5-2

* 0.12 2 NONE

* 0.39 2 R5-2

G. SOUTH GAS/OTHER HEATED

> RUN = USS~-GAS CITY = CHARLESTO FOUND-TYP = SLAB,
N-WINDOW =51.775, S-WINDOW =51.775,

W-WINDOW = 51.775, E-WINDOW = 51.775,

CEIL-R = 25, WALL-R = 14, INFILT= 0.56,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 0, WIND-SASH = WOOD, GLASS—~TYP = REG,

MOV-INS NONE, HTG-EQP GFUR, HTG-EFF = 80, SETBACK = YES,-
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 1S, AREA=2071

i
I

PERIM = 186.6, WALLAREA = 1365.2
$

? WIND-LAYS FOUND-R

% SETBASE

* 0.198 1 NONE

* 0.122 1 R5-2

* (0.422 2 NONE

* 0.258 2 R5-2
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PEAR BATCH FILES FOR EXISTING SINGLE FAMILY HOMES

A. NORTH ELECTRIC FURNACE

> RUN = NRTH-E CITY = CHICAGO , FOUND-TYP = BASMNT,
N-WINDOW =39.55, S—WINDOW =39.55,

W-WINDOW = 39.55, E-WINDOW = 39.55,

CETIL-R =20.84 , WALL-R = 4.68, INFILT= 0.54,

ROOF-COLOR = DARK, WALL—-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 11, WIND-SASH = WOOD, GLASS-TYP = REG,
MOV~INS = NONE, HTG-EQP = ER, HTG-EFF = 100, SETBACK = YES,
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 1S, AREA=1582, FOUND-R=NONE

PERIM = 168, WALLAREA = 1344

$

? WIND-LAYS
% baseline

* 241 1

* 759 2

B. SOUTH ELECTRIC FURNACE

> RUN = STH-E CITY = CHARLESTO , FOUND-TYP = SLAR,
N-WINDOW =36.75, S-WINDOW =36.75,

W-WINDOW = 36.75, E-WINDOW = 36.75,

CEIL-R = 18, WALL-R = 3.94, INFILT= 0.71,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 0, WIND-SASH = WOOD, GLASS-TYP = REG,

MOV-INS = NONE, HTG-EQP = ER, HTG-EFF = 100, SETBACK = YES,
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 1S, AREA=1470

PERIM = 162, WALLAREA = 1296

$

? FOUND—-R WIND-LAYS
% baseline

* 3337 NONE 1

* _3703 NONE 2

* 1403 R5-2 1

* 1557 R5-2 2

C. NORTH HEAT PUMP

> RUN = NTH-HP CITY = CHICAGO , FOUND-TYP = BASMNT,
N-WINDOW =46.325, S-WINDOW =46.325,

W-WINDOW = 46.325, E-WINDOW = 46.325,

CEIL-R = 23.98, WALL-R = 6.83, INFILT= 0.45,
ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 11, WIND-SASH = WOOD, GLASS-TYP = REG,
MOV-INS = NONE, HTG-EQP = HP, HTG-EFF = 7.24

CLG-EQP = HP, CLG-EFF = 9.86,

PROTO= 1S, AREA=1853

PERIM = 182, WALLAREA = 1456

FOUND~R=NONE

$

? WIND-LAYS
% baseline

* 281 1

* 719 2

D. SOUTH HEAT PUMP

> RUN = STH-HP CITY = CHARLESTO , FOUND-TYP = SLAB,
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N-WINDOW =44.6, S—-WINDOW =44.6,
W-WINDOW = 44.6, E—-WINDOW = 44.6,

CEIL-R = 21.53, WALL-R = 6.22, INFILT= 0.7,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 0, WIND-SASH = WOOD, GLASS-TYP = REG,

MOV-INS NONE, HTG-EQP = HP, HTG-EFF = 7.24

CLG-EQP = AC, CLG-EFF = 9.86,

PROTO= 1S, AREA=1784
PERIM = 179, WALLAREA

1432

1l

2

FOUND—~R WIND-LAYS

% baseline

* ,2928 NONE 1

* 3712 NONE 2

* ,1482 R5-2 1

* 1878 R5-2 2

E. NORTH GAS/OTHER HEATED

> RUN = NTH-G CITY = CHICAGO , FOUND-TYP = BASMNT,
N-WINDOW =38.75, S-WINDOW =38.75,

W-WINDOW = 38.75, E—-WINDOW = 38.75,

CEIL-R = 21.13, WALL-R = 2.06, INFILT= 0.62,

ROOF—-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 11, WIND-SASH = WOOD, GLASS-TYP = REG,
MOV-INS = NONE, HTG-EQP = GFUR, HTG-EFF = 82, SETBACK = YES,
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 1S, AREA=1550

PERIM = 166, WALLAREA = 1328

FOUND-R = NONE

S

? WIND-LAYS

% baseline

* 21 1

* 79 2

F. SOUTH GAS/OTHER HEATED

> RUN = STH-G CITY = CHARLESTO , FOUND-TYP = SLAB,
N-WINDOW =36.675, S—-WINDOW =36.675,

W-WINDOW = 36.675, E-WINDOW = 36.675,

CEIL-R = 17.39, WALL-R = 2.12, INFILT= 0.72,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 0, WIND-SASH = WOOD, GLASS-TYP = REG,

MOV-INS = NONE, HTG-EQP = ER, HTG-EFF = 100, SETBACK = YES,
CLG-EQP = AC, CLG-EFF = 9.96,

‘PROTO= 1S, AREA=1467

PERIM = 162, WALLAREA = 1296

$

? FOUND-R WIND-LAYS
% baseline

* 4712 NONE 1

* 3718 NONE 2

* .0878 R5-2 1

* 0692 R5-2 2
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PEAR BATCH FILES FOR NEW MOBILE HOMES

A. NORTH ELECTRIC FURNACE AND HEAT PUMP

> RUN = NMH-NG CITY = CINCINNAT FOUND-TYP = CRAWL,
N-WINDOW =29.88, S-WINDOW =29.88,

W-WINDOW = 29.88, E~WINDOW = 29.88,

CEIL-R = 26, WALL-R = 18, INFILT= 0.36,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 14, WIND-SASH = ALUM, GLASS-TYP = REG,

MOV-INS = NONE, HTG-EQP = ER, HTG-EFF = 100, SETBACK = YES,
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 1S, AREA=1195
PERIM = 147.6, WALLAREA

I

1180.7, WIND-LAYS=2

? HTG-EQP HTG-EFF CLG-EQP CLG-EFF
# HP HP 7.24 HP 9.86

B. SOUTH ELECTRIC FURNACE

> RUN = NMH-S CITY = CHARLESTO FOUND-TYP = CRAWL,
N-WINDOW =29.88, S—WINDOW =29.88,

W-WINDOW = 29.88, E~WINDOW = 29.88,

CEIL-R = 20, WALL-R = 12, INFILT= 0.45,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 10, WIND-SASH = ALUM, GLASS-TYP = REG,

MOV-INS = NONE, HTG-EQP = ER, HTG-EFF = 100, SETBACK = YES,
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 1S, AREA=1195

PERIM = 147.6, WALLAREA = 1180.7
$

? WIND-LAYS

% SETBASE

* 0.26 2

* 0.74 1

C. SOUTH HEAT PUMP

> RUN = NMH-SHP CITY = CHARLESTO FOUND-TYP = CRAWL,
N-WINDOW =29.88, S—-WINDOW =29.88,

W-WINDOW = 29.88, E—-WINDOW = 29.88,

CETL-R = 20, WALL-R = 12, INFILT= 0.45,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 10, WIND-SASH = ALUM, GLASS-TYP = REG,

MOV~INS = NONE, HTG-EQP = HP, HTG-EFF = 7.24
CLG-EQP = HP, CLG-EFF = 9.86,

PROTO= 1S, AREA=1195

PERIM = 147.6, WALLAREA = 1180.7

3

? WIND-LAYS

% SETBASE

* 0.26 2

* 0.74 1
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PEAR BATCH FILES FOR EXISTING MOBILE HOMES

A. NORTH ELECTRIC FURNACE

> RUN = EMH-NG CITY = CINCINNAT FOUND-TYP = CRAWL,
N-WINDOW =25.62, S—-WINDOW =25.62,

W-WINDOW = 25.62, E-WINDOW = 25.62,

CETL-R = 14.2, WALL-R = 10.8, INFILT= 0.45,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 10.8, WIND-SASH = ALUM, GLASS-TYP = REG,
MOV-INS = NONE, HTG-EQP = ER, HTG-EFF = 100, SETBACK =
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 1S, AREA=1025
PERIM = 133.4, WALLAREA

i

1067.3, WIND-LAYS=2

B. NORTH HEAT PUMP
> RUN = EMH-NHP CITY = CINCINNAT FOUND-TYP = CRAWL,
N-WINDOW =20, S-WINDOW =20,

W-WINDOW = 20, E-WINDOW = 20,

CEIL-R = 14.2, WALL-R = 10.8, INFILT= 0.45,

ROOF—-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 10.8, WIND-SASH = ALUM, GLASS-TYP = REG,
MOV~INS = NONE, HTG-EQP = HP, HTG-EFF = 7.24

CLG-EQP = HP, CLG-EFF = 9.86,

PROTO= 1S, AREA=800
PERIM = 157.3, WALLAREA

i

1258.7, WIND-LAYS=2

C. NORTH GAS/OTHER HEATED

> RUN = EMH-NO CITY = CINCINNAT FOUND-TYP = CRAWL,
N-WINDOW =20.1, S-WINDOW =20.1,

W-WINDOW = 20.1, E-WINDOW = 20.1,

CEIL-R = 14.2, WALL-R = 10.8, INFILT= 0.45,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 10.8, WIND-SASH = ALUM, GLASS-TYP = REG,
MOV-INS = NONE, HTG-EQP = GFUR, HTG-EFF = 80, SETBACK =
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 1S, AREA=804

PERIM = 158, WALLAREA = 1264, WIND-LAYS=2

D. SOUTH ELECTRIC FURNACE

> RUN = EMH-S CITY = CHARLESTO FOUND-TYP = CRAWL,
N-WINDOW =23.5, S—-WINDOW =23.5,

W-WINDOW = 23.5, E~-WINDOW = 23.5,

CEIL-R = 10.8, WALL-R = 10.8, INFILT= 0.56,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 6.8, WIND-SASH = ALUM, GLASS-TYP = REG,
MOV-INS = NONE, HTG-EQP = ER, HTG-EFF = 100, SETBACK =
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 1S, AREA=940
PERIM = 170.6, WALLAREA

I

1364.8, WIND-LAYS= 1

E. SOUTH HEAT PUMP :

> RUN = NMH-SHP CITY = CHARLESTO FOUND-TYP = CRAWL,
N-WINDOW =26.0, S—~WINDOW =26.0,

W-WINDOW = 26.0, E-WINDOW = 26.0,

CEIL-R = 10.8, WALL-R = 10.8, INFILT= 0.56,

ROOQF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
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FLOOR-R = 6.8, WIND-SASH = ALUM, GLASS-TYP = REG,
MOV-INS = NONE, HTG-EQP = HP, HTG-EFF = 7.24
CLG-EQP = HP, CLG-EFF = 9.86

PROTO= 1S, AREA=1040

PERIM = 134., WALLAREA = 1072., WIND-LAYS= 1

-~ 0~

F. SOUTH GAS/OTHER HEATED

> RUN = NMH-SO CITY = CHARLESTO FOUND-TYP = CRAWL,
N-WINDOW =21.18, S-WINDOW =21.18,

W-WINDOW = 21.18, E-WINDOW = 21.18,

CEIL-R = 10.8, WALL-R = 10.8, INFILT= 0.56,

ROOF-COLOR = DARK, WALL-COLOR = DARK, WALL-MASS = NONE,
FLOOR-R = 6.8, WIND-SASH = ALUM, GLASS-TYP = REG,

MOV-INS = NONE, HTG-EQP = ER, HTG-EFF = 100, SETBACK = YES,
CLG-EQP = AC, CLG-EFF = 9.96,

PROTO= 1S, AREA=847
PERIM = 156, WALLAREA

i

I

1248, WIND-LAYS= 1
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APPENDIX 8: CCE PATHS FOR SPACE CONDITIONING
This appendix shows detail on calculating the cost of conserved energy and

energy savings for space conditioning measures. The last page of this appendix contains
the detailed description of the ceiling and window options for existing buildings.
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CCE PATH for
NEW SINGLE FAMILY -- ELECTRIC FURNACES

HTG kWh CLG kWh UES kWh Delta § CCE c/kWh
A. NORTH (Chicago, IL)
CASEl: ER with CAC
baseline 11809.4 963.9
switch to HP#2: 8.83 HSPF, 10.96 SEER 4566.50 909.21 7297.6 222.00 0.3
triple glazing 3880.03 888.65 707.0 222.712 2.5
switch to HP#4: 9.5 HSPF, 13.3 SEER 3606.39 732.30 430.0 190.00 5.1
wall to R-19 3360.62 721.34 256.7 185.60 5.8
————— branch (pre-95)
floor to R-30 3179.96 710.11 191.9 222.72 9.4
ceiling to R-30 3168.85 709.25 12.0 18.56 12.5
————— branch {post-95)
superwindows 2901.02 637.89 543.1 464.0 6.9
floor te R-30 2745.06 627.97 165.9 222.72 10.8
ceiling to R-30 2735.47 627.21 10.4 18.56 14.4
CASE2: ER, no clg
baseline 11808.37
-—--branch (pre-95)
triple glazing + wall to R-19 + floor to R-30 (<95) 8594.47 3214.90 631.04 1.6
-—---branch {post-95)
superwindows + wall to R-19 + floor to R-30 (>95) 7222.19 4587.18 1095.04 1.9
ceiling to R-49 + wall to R-27 4702.01 2520.18 1540.48 4.9
ceiling to R-60 4564.50 137.51 148.48 8.7
CASE3: ER w/ RAC
baseline 11809.4 298.81
triple glazing + wall to R-19 + floor to R-30 (<95) 8594.47 282.32 3231.4 631.04 1.6
superwindows + wall R-19 + floor R-30 (>95) 7222.19 247.24 4638.7 1095.04 1.9
ceiling R-49 + wall R-27 5506.78 237.67 1725.0 1354.88 6.3
ceiling to R-60 5369.27 236.01 139.2 148.48 8.6

(no RAC efficiency improvement measures are cost-effective in the north).

B. SOUTH (Charleston, 5C)

CASEl: ER with CAC

baseline 9114.35 3582.97

switch to HP#3: 9.06 HSPF, 13.03 SEER 3434.91 2806.28 6456.1 322.00 0.6
0.4 ACH, spec.sel.windows + R-5,2ft fndn 2257.69 1073.62 2909.88 681.84 1.9
wall to R-19 1889.9%2 1012.46 428.9 378.80 7.1
switch to HP#4: 9.5 HSPF, 13.3 SEER 1802.38 891.91 108.1 80.00 9.5
switch to HP#5: 9.93 HSPF, 15.14 SEER 1724.33 948.95 121.0 330.00 31.2
CASE2:ER with RAC

baseline 9114.4 1218.2

R5-2ft fndn + triple glazing + 0.4 ACH + wall R-19 3690.3 1018.3 5623.9 1061 1.5
RAC#1: Increase condenser rows (9.42 EER) 3690.3 973 45.4 12 2.9
__branch: ceiling to R-30 (pre-95) 3620.5 969.8 72.9 57 6.3
ceiling to R-30 + superwindows (post-1995) 3099.1 412.6 1151.6 530 3.7
ceiling to R-38 (post-1985) 2893.9 398.3 219.4 322 11.8
var speed RAC (post-2000) 2893.9 339 59.4 67 12.3
Incr. condenser area (post-2000) 2893.9 323 15.8 20 14.2
CASE 3: ER with no cooling

baseline 9114.4

0.4 ACH, 3 glazing, R-19 wall, R-5,2ft foundation 3690.3 5424 1061 1.6
ceiling to R-30 3620.5 70 57 6.6
superwindows (post-1995) 3099.1 521 473 7.3
ceiling to R-38 2833.9 205 322 12.6
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CCE PATH for

NEW SINGLE FAMILY -- GAS FURNACES AND HEAT PUMPS
HTG kWh CLG kWh UES kWh Delta $§ CCE c/kWh

A. NORTH HEAT PUMP (Chicago, IL)
baseline ) 6825.15 1047.46
improve to 1992 std: 7.46 HSPF, 10.5 6623.87 1005.83 242.9 71 3.3
triple glazing 5474.41 966.94 1188.4 311 2.1
improve HP #3: 9.5 HSPF, 13.3 SEER 4298.85 763.37 1379.1 241.00 2.0
R-19 wall 3978.94 748.44 334.8 266.64 6.4
---branch (pre-95)
floor to R-30 (pre-95) 3732.93 733.37 26l1.1 311.08 9.6
ceiling to R-30 (pre-93) 3706.55 731.21 28.5 44 .44 12.5
~--branch {(post-95)
superwindows 3442.34 630.45 654.6 555.50 6.8
floor to R-30 3229.50 617.75 225.5 311.08 11.1
ceiling to R-30 3206.68 615.94 24.6 44.44 14.5
ceiling to R-38 3138.75 610.75 73.1 155.54 17.1
B. SOUTH HEAT PUMP (Charleston, SC)
baseline 3225.4 3408.4
improve to 1992 std: 7.46 HSPF, 10.5 3130.3 3218.2 285.4 85.91 3.4
improve HP #2: 9.06 HSPF, 13.03 SEER 2577.5 2648.9 1122.1 182.71 1.9
0.4 ACH + spec.sel.windows + R5-2ft fndn 1795.4 1033.2 2387.8 710.97 2.4
improve HP #3: 9.5 HSPF, 13.3 SEER 1712.2 1012 104.1 108.90 12.0
wall to R-19 1532.9 981.1 210.4 328.14 17.8
D. NORTH GAS FURNACE (Chicago, IL)
CASEl: with CAC
baseline 1042
AC to 1992 std: 10.5 SEER 988 54 43 10.1
AC $2: 13.3 SEER 780 208 264 10.2
AC #3: 14.87 SEER 698 82 250 38.2
CASEZ2: with RAC
baseline 323
RAC#1: Incr condenser rows (9.42 EER) 308 14 15 11.4
RAC#2: Increase condenser area (9.88 EER) 294 14 109 83.1

post 2000:
RAC#3: (from RAC#1) variable speed(>2000) 262 46 83 19.7
RAC#4: Increase condenser area (9.88 EER) 250 12 26 22.9
C. SOUTH GAS FURNACE (Charleston, SC)
CASEl: with CAC
baseline 3576
AC to 1992 std: 10.5 SEER 3407 169 50 3.7
spectrally selective windows 1594 1813 311 1.4
AC #2: 13.3 SEER 1258 336 309 il1.6
AC #3: 14.87 SEER 1125 133 293 27.7
AC #4: 15.23 SEER 1099 27 82 38.8
CASE2: with RAC
baseline 1216
RAC#1: Incr condenser rows (9.42 EER) 1162 54 12 2.4
RAC#2: Increase condenser area (9.88 EER) 1108 54 87 17.7

post 2000:
RAC#3: (from RAC#l) variable speed(>2000) 989 173 67 4.2
RAC#4: Increase condenser area (9.88 EER) 942 46 20 4.9
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CCE PATH for

EXISTING SINGLE FAMILY -- ELECTRIC FURNACES

A. NORTH (Chicago, IL)
Case 1: with central air conditioning

baseline

switch to HP#3: 9.06 HSPF, 13.03 SEER

ACH to 0.41 + R-6.15 walls, ceil optionsl&2,5&6
switch to HP#4: 9.5 HSPF, 13.3 SEER

ceiling options 5&6

R-8.43 wall + window op.l

ceiling option 7

Case 2: with room air conditioning

baseline

ACH to 0.41 + R-6.15 wall + ceiling options 1&2
R-8.43 wall + ceil options 3,5,6&7 + wind op.l
R-30 floor

window options 2&3

Case 3: no cooling

baseline

ACH to 0.41 + R-6.15 wall + ceil options 1,2,5&6
R-8.43 wall + ceil option 7 + window option 1
R-30 floor

ceiling option 3

window options 2&3

B. SOUTH (Charleston, SC)
Case 1l: with central air conditioning

baseline

switch to HP#3: 9.06 HSPF, 13.03 SEER

ACH to 0.46 + walls to R-6.45 + ceil to R-21.81
switch to HP#4: 9.5 HSPF, 13.3 SEER

switch to HP#5: 9.93 HSPF, 15.14 SEER

ceiling to R-31.2

window option 1

Case 2: with room air conditioning

baseline

ACH to 0.46 + wall to R-6.45 + ceil to R-21.52
RAC#1: Increase condenser rows (9.42 EER)

ceil to R-21.81 + ceil to R-31.2 (branches)
window option 1

wall to R-8.29

ceil to R-36.9 (branch)

Case 3: no cooeling

baseline

ACH to 0.46 + wall to R-6.45 + ceil to R-21.81
ceil to R-31.2 {(branch)

window option 1

wall to R-8.29

ceil to R-36.9 (branch)
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CCE PATH for
EXISTING SINGLE FAMILY ~- HEAT PUMPS

HTG kWh CLG kWh UES kWh Delta $ CCE c/kWh
A. NORTH (Chicago, IL)
baseline 8721.7 1024.8
switch to 792std: 7.46 HSPF, 10.5 SEER 8081.9 945.3 719.3 71 1.1
ceiling option 1 8014.1 941.4 71.6 7 0.8
switch to HP#2: 9.06 HSPF, 13.03 SEER 6598.8 758.6 1598.1 151 1.1
ACH to 0.42 + walls to R-8.49 6253.4 751.0 353.0 121 2.8
switch to HP#3: 9.5 HSPF, 13.3 SEER 5963.8 735.7 304.9 90 3.4
ceiling option 2 5959.2 735.5 4.8 3 5.2
ceiling options 6&7 5558.0 711.6 425.1 555 10.5
window option 1 5399.9 704.3 165.4 298 14.5
B. SOUTH (Charleston, SC)
baseline 4121 3552
switch to ’92std: 7.46 HSPF, 10.5 SEER 3999 3352 320.5 86 3.1
ceilings option 1 3975 3346 30.8 5 1.8
switch to HP#3: 9.5 HSPF, 13.3 SEER 2986 2641 1693.2 292 2.0
ACH to 0.48 + walls to R-7.85 2493 2542 593.0 304 4.1
ceilings to R-22.54 2492 2541 1.7 2 10.5
window optionl 2383 2515 135.1 360 21.5
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DESCRIPTION OF CEILING AND WINDOW OPTIONS FOR EXISTING SINGLE FAM-
ILY HOMES

1. CEILING OPTIONS

1. Add R-19 to all non-insulated ceilings, including existing partially insulated ceil-
‘ings. Raises average ceiling R-value to R-20.6.

2. Add R-30 to all non-insulated ceilings, including existing partially insulated ceil-
ings. Raises average ceiling R-value to R-32.1.

3. Add R-49 to all non-insulated ceilings, including existing partially insulated ceil-
ings. Raises average ceiling R-value to R-51.4.

4. Add R-60 to all non-insulated ceilings, including existing partially insulated ceil-
ings. Raises average ceiling R-value to R-62.4.

5. Add R-11 to all insulated ceilings, not including partially insulated ceilings.
Raises average ceiling R-value to R-14.4.

6. Add R-19 to all insulated ceilings, not including partially insulated ceilings.
Raises average ceiling R-value to R-20.6.

7. Add R-30 to all insulated ceilings, not including partially insulated ceilings.
Raises average ceiling R-value to R-32.1.

8. Add R-49 to all insulated ceilings, not including partially insulated ceilings.
Raises average ceiling R-value to R-51.4.

2. WINDOW OPTIONS

1. Add single-glazed storm windows (external or internal) to single-glazed windows
on all homes. Includes homes with a mixture of window types.

2. Replace all single-glazed windows with double-glazed, low-e units. Includes the
replacement of single-glazed windows in homes with a mixture of window types.

3. Replace all single-glazed windows with double-glazed, low-e, argon-filled units.
Includes the replacement of single-glazed windows in homes with a mixture of win-
dow types.

---existing double-glazed window branch:

4. Replace all double-glazed windows with double-glazed, low-e units. Includes the
replacement of double-glazed windows in homes with a mixture of window types.

5. Replace all double-glazed windows with double-glazed, low-e, argon-filled units.
Includes the replacement of double-glazed windows in homes with a mixture of win-
dow types.
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APPENDIX 9: UTILITY RASSs USED IN FUEL SWITCHING ANALYSIS

This appendix shows which utility residential appliance saturation surveys
(RASSs) were used to estimate the fuel switching potential summarized in Table 14. We
calculated residential-customer-weighted saturations from the utility RASSs. Many of
the RASSs are confidential, so we do not include saturations for individual utilities here.
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UTILITY RASSes USED FOR ESTIMATES OF FUEL SWITCHING POTENTIAL

Utility Customer Water Range Dryer

Pop'n Heater
AR AR AR AR KA AR KA AR AR R AR R A AR AR AR A AR AR AR KRN RA AR AR R AR AR A kR Ak hhhhkkhhhh Ak Ak kA XX K

Note: X indicates utility data was included for the particular enduse.

Alabama Power 956146 X X X
Arizona Public Service Co 473121 X X X
Baltimore Gas & Electric 895881 X X X
Bonneville Power Administration 2960000 X X X
Central Hudson G&E 263500 X X X
Central Maine 426049 X X X
Cincinnati G&E 553307 X X X
Detroit Edison 1700732 X X X
Florida Power & Light (Miami) 2419770 X X X
Florida Power Corp. (Petersburg) 946389 X X X
Georgia Power 1251473 X X X
Houston Power 1192386 X X X
Illinois Power 535721 X X

Iowa~Illinois G&E 244146 X X X
Long Island Lighting Co. 2820012 X X X
New England Power Service (MA) 1067567 X X X
New York State E&G 621500 X X X
Niagara Mohawk 1690000 X X X
Northeast Utilities (CT) 902000 X X X
Northeast Utilities (MA) 173000 X X X
Northern States (Minn) 1069079 X X X
Oklahoma G&E 548003 X X X
Orange & Rockland Utilities (NY) 208266 X X X
Pacific G&E 3800000 X X X
Pacific Power/ Utah Power (CA) 26805 X X X
Pacific Power/ Utah Power (ID) 7108 X X X
Pacific Power/ Utah Power (MT) 23583 X X X
Pacific Power/ Utah Power (OR) 343001 X X X
Pacific Power/ Utah Power (WA) 85284 X X X
Pacific Power/ Utah Power (WY) 81146 X X X
Pennsylvania Power & Light 889873 X X X
Philadelphia Electric 1297080 X X X
Portland General Electric (OR) 484293 X X X
Public Serv. E&G (NJ) Elec cust 213100 X X X
Public Serv. E&G (NJ) Gas cust 186200 X X X
Public Service Co. Colorado 944673 X X X
Public Service E&G (NJ), Comb.E&G1434400 X X X
Public Service Indiana 499432 X X X
Puget Power 618000 X X
Rochester Gas & Electric 289188 X X X
Sacramento Municipal Utility 328534 X X X
Salt River Project (AZ) 473776 X X X
San Diego G&E 919000 X X X
Seattle City Light 278724 X X X
Sierra Pacific Power Co. 185947 X X X
So. California Edison 3200000 X X X
Tampa Electric 398817 X X X
Tennessee Valley Authority 2800000 X X

Texas Utilities 1342907 X X X
Union Electric (MO) 951154 X X

Utah Power 465344 X X X
Virginia Power 1566400 X X X
West Penn Power (PA) 536700 X X X
Wisconsin Electric Power Co 766387 X X

A AR AKRKA KKK AKRR KRR AR A A A A A KRR A AR AR AR KAA R AR AR AR A AR A A AR AR h Ak hhkhhdFhhhhhhhhhhhhdhrdsk

TOTAL POP'N
49,354,904
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APPENDIX 10: ACCESS LOGIC

This appendix summarizes the logic the supply curve program uses to calculate
the frozen efficiency baseline and the energy savings in the technical potential case.
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ACCESS Program: Description of Logic

1. Introduction

The ACCESS supply curve program runs on a Sun-4 mainframe computer and uses the Informix relational
database management system to store, analyze and process data. UNIX batch files run a series of Informix
programs which create data files for the SAS-operated graphics programs. The graphics programs create
supply curves of conserved energy. The user of ACCESS may create new data files, alter existing files,
specify the parameters of the supply curve forecast (e.g., the forecast time period, the fuel price forecast,
the type of fuel analyzed, etc.).

The logical framework behind the supply curve program is described below.

2. Definition of Terminology

In order to analyze energy savings potential in the residential sector, the sector’s net energy use must be
disaggregated into appliance types and/or services provided. For this purpose, we define various enduses.
An enduse can be either an appliance which provides a service (such as a refrigerator, freezer, clothes
dryer, etc.), or it can be the service itself (e.g., space conditioning). One space conditioning enduse might
be modeled as a single-family home in the North with electric resistance heating and no cooling. Another
enduse might represent all homes built after 1990 in the South with heat pumps. The strategy of employing
many enduses to model a complex energy use such as space conditioning allows us to choose the most
appropriate conservation measures for each situation.

Once we have divided energy consumption into enduses, we can apply energy saving devices, or measures
to them. A measure is a device that can be applied to a certain fraction of the total enduse stock at a certain
cost and resulting in a certain amount of energy savings. We call this fraction of the enduse stock the eligi-
ble fraction. A measure might be as simple as wrapping a blanket around a water heater, or as complex as
a multi-component improvement in the building envelope plus improvements to the efficiency of the heat-
ing and cooling equipment.

The measures are ranked in order of their cost-effectiveness using the cost of conserved energy (CCE). The
calculation of CCE is described in the main text. Once we have determined the most cost-effective
sequence of measures, we can calculate the cost and energy savings of each measure relative to its preced-
ing measure. These incremental costs and savings are used to calculate the CCE for the supply curve plot.

In order to calculate the energy savings that result from implementation of a measure, we need to specify a
baseline consumption level. The baseline must also be a forecast, since efficiency measures take time to
implement. In our study, we assume that we begin to implement measures in 1990 and seek to find the
potential savings that could be achieved by the year 2010. Our baseline forecast is a frozen efficiency fore-
cast. The frozen efficiency forecast assumes that all appliances existing today remain at the 1990 stock-
weighted average efficiency until replaced. Appliances are replaced by the average unit bought in 1990
whose efficiency is from LBL’s Residential Energy Model (LBL-REM). All units that are added after
1990 and are not replacements of retired units are called additional units and have the same efficiency as a
1990 new unit. We assume a constant rate of replacement, or retirement, that is based on the lifetime of the
equipment. The lifetime is the average mechanical lifetime that can be expected for a particular appliance.!
Each year, the same number of units, namely N/L, retires, where N is the number of units in 1990 and L is

1 We use the best estimates of product lifetime available, although the study from which the estimates come is now ten
years old: "Energy Capital in the U.S. Economy", Brookhaven National Laboratory & the U.S. Department of Energy, No-
vember 1980.
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the mechanical lifetime of the equipment.

For the space conditioning enduse, which we have modeled as various prototype homes due to the inter-
dependent nature of house location, envelope type, and heating and cooling requirements, we have
assumed that all existing homes (homes built prior to 1990) can be retrofit by 2010. New homes (those
homes built between 1990 and 2010) receive space conditioning improvements (over the way they would
otherwise have been built) at the time of construction.

In order to find the aggregate energy savings or use for the residential sector, we need to know the number
of units within each enduse in any year. This number is called the stock. The efficiency of the stock, as
well as the number of units, changes over time, due to old units retiring as they reach the end of their life-
time, and to units being added (e.g., a second refrigerator in an existing home, or a refrigerator required for
anew home). The stock forecast is from LBL-REM.

The analysis of energy conservation potential is based on a technical potential/best available technology
scenario. This scenario estimates the maximum possible savings that could be achieved if the most
efficient conservation technologies were deployed in all eligible households. The level of service provided
remains constant or is improved.

A summary of definitions of terms used in this section follows.

¢  Enduse An appliance providing a service (such as a refrigerator) or the service itself (for example,
space conditioning).

Measure An energy saving device which is applied to an enduse.
Baseline UEC Energy consumption if no efficiency measures are employed.

Frozen efficiency baseline A forecast that assumes all appliances (or enduses) existing in 1990
remain at the 1990 stock-weighted average efficiency until they retire and are replaced with new
units having the average efficiency of new units bought in 1990. All units added after 1990 also have
the efficiency of 1990 new units.

Existing home A home that exists in 1990 (i.e., that was built prior to 1990).
New home A home that was built between 1990 and 2010.
Stock The number of units that comprise an enduse in any given year.

* &+ > &

Additional units The number of units in each year that exceeds the number of units in 1990, that is,
the number of units added to the 1990 stock. Examples of additional units are: a second refrigerator
in an existing home, a refrigerator required for a new home, etc. Note that additional units do not
include replacements of existing 1990 units.

¢ Technical potential scenario This scenario estimates the maximum possible savings that could be
achieved if the most efficient conservation technologies were deployed in all eligible households.
The level of service provided remains constant or is improved.

3. The Supply Curve Methodology

3.1. Energy Savings in the Forecast Year (2010)

The first step in determining the energy savings resulting from a conservation measure is to assess the
number of units (N) that are eligible for that measure. We assume that measures will be implemented only
at the time at which the 1990 existing units would naturally retire. We use a constant absolute rate of retire-
ment that depends on the lifetime of the appliance: each year the total number of 1990 stock that retires is
simply (1/lifetime) times the number of 1990 units. Conservation measures are applied to additional units
(units that are in addition to replacements of 1990 units) at the time they are added.

For space conditioning retrofits, we assume that all physically eligible homes will be retrofit by the year
2010 in the Technical Potential scenario.

We have created three types of enduses to account for the different energy uses in homes: new home space
conditioning, existing home space conditioning, and appliances in existing and new homes. Appliances in
new homes and in existing homes are treated identically.
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3.1.1. Number of units eligible for a measure

Two types of constraints affect the number of units in an enduse that are eligible for a measure: physical
and chronological. Physical constraints reflect the physical barriers to implementing a particular measure,
such as whether some fraction of the stock has already implemented the measure, or whether there is gas
service in the home (for fuel-switching measures), etc. The physical constraint for each measure is input
by the user. Chronological constraints shorten the amount of the total forecast time period in which the
measure may be applied. Such constraints depend upon two factors: (1) the lifetime of the enduse and (2)
the year in which the measure becomes commercially available.

The formulae used by ACCESS to calculate the number of units (N) eligible for a measure follows. There
are three enduse types: new home space conditioning, existing home space conditioning, and appliances.
Within each enduse type, we must evaluate different cases, such as whether the measure is commercially
available in the beginning year of the forecast or whether it becomes available in a subsequent year; and we
must compare the enduse lifetime to the number of years in which the measure could possibly be applied to
stock units. Only chronological constraints will be evaluated in this section; the physical constraints will
be addressed subsequently.

3.1.1.1. New Home Space Conditioning
(1)  Measure is available in 1990

If the measure is aleady available in 1990, then all homes built between 1990 and 2010 will be eligi-
ble to receive the measure.

N1 = 810k 5019

(2) Measure is available sometime after 1990

If the measure becomes commercially available sometime after 1990 (in year y), then only the homes
built between year y and year 2010 will be eligible for the measure (since we assume that new home
measures can be implemented only at the time of construction).

Nnew2 = St00k2010 - StOCky

3.1.1.2. Space Conditioning in 1990 Existing Homes Still Existing in 2010
For existing homes, we have only considered measures that are commercially available in 1990, therefore

N exisiing = Stockyg1g

Note: The stock of "existing” homes (i.e., those homes that existed in 1990) decreases over time due to
retirement. The homes that replace them are included in the new home space conditioning stock.

3.1.1.3. Appliances

We assume a constant absolute retirement rate of ( (1/L) times the number of 1990 units per year ), where
L is the lifetime of the appliance. We apply conservation measures to units existing in 1990 only at the time
at which they are retired and a new replacement is bought. There is no "early retirement". We apply con-
servation measures to additional units (the number of units in each year that exceeds the number of units in
1990) as they are introduced into the stock. The forecast of additions is from LBL-REM. The time period,
T, of the analysis is 20 years in this particular case (i.e., 1990 to 2010). The calculation of the number of
units, N, to which a measure is applied, follows.

(1) Measure is commercially available in 1990

If the measure is commercially available in 1990, there are two possible situations that can occur by the
year 2010. If the lifetime is less than the forecast period, then all 1990 existing units will have retired by
2010. If the lifetime is longer than the forecast period, then only a fraction of the 1990 stock will have been
replaced, as described below.

(la) Lifetime <= forecast time period (L <=T)
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If the lifetime of the enduse is less than or equal to the time period of the forecast, all 1990
units will have retired. Therefore, all units existing in 2010 are eligible for this measure.

Nappll = stock 2010

(1b) Lifetime > forecast time period (L > T)

If the lifetime of the enduse is greater than the time period of the forecast, only a fraction of
the 1990 units will have retired. However, all units that have been added to the stock since
1990 (additions) are eligible. Thus, the number of units eligible for the measure is equal to the
number of units that have retired plus the number of additions.

NapplZ = ( StOCk2010 - S[OCklggo ) + S[OCklggo *

=

(2) Measure is commercially available after 1990

If the measure is only available after 1990 (in year y), we must make some modifications to the above
equations in order to account for the shortened period of possible implementation.

(2a) Lifetime > (2010 - y)

If the lifetime of the enduse is greater than the time period between the year the measure
becomes commercially available (year y) and 2010, then only a fraction of the units existing in
year y will have retired. The number of units eligible for this measure is thus the number of
units that have retired, plus the number of units that have been added between the years y and
2010.

(2010—y)

N appi3 = (stockqgo — stock, ) + stock, * 2

(@2b) Lifetime <= (2010 - y)

If the lifetime of the enduse is less than or equal to the time period between the year the meas-
ure becomes commercially available (year y) and 2010, then all of the units existing in year y
will have retired. Therefore the number of units eligible for this measure is the total number of
units in 2010.

N

appla = S10Ck o010

3.1.2. Calculation of the Frozen Efficiency Baseline

The frozen efficiency forecast of energy consumption in 2010 is the total residential energy consumption
predicted if no efficiency measures are taken. The forecast assumes that all appliances existing in 1990
will remain at the 1990 stock-weighted average efficiency until they retire and are replaced with units hav-
ing the average efficiency of 1990 new units. We assume a constant rate of replacement that is dependent
upon the lifetime of the appliance. All units added after 1990 also have the average efficiency of 1990 new
units.

For space conditioning enduses, the energy consumption of existing homes is the product of the number of
1990 stock homes still existing (a program input from LBL-REM) and the baseline UEC. The energy use
of homes built after 1990 is simply the product of the number of new homes and the new home baseline
UEC.

The energy use of each enduse is made up of three parts: (1) energy use of units added since 1990, (2)
energy use of the fraction of 1990 stock that has not been replaced by 2010, and (3) energy use of the frac-
tion of 1990 stock that has been replaced. The lifetime of the enduse determines how many units have
been replaced, and so we look at two cases:

(1) Lifetime <=20
All 1990 stock units have been replaced, thus

Energy (E) = stockqgp * uec_new
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(2) Lifetime>20
Only a portion of the 1990 stock will have been replaced.
Energy(E)=E,+E,+E;
where E(1) = consumption of units added since 1990, or
E | = (stockqyo— stockqgg9 ) * uec_new ,

and E(2) = consumption of 1990 stock that has not been replaced
(L-20)

E, =stockiggp * * uec _ex ,

and E(3) = consumption of 1990 stock that has been replaced

20
E 3= s5tockyggp * T * uec_new

where
L = lifetime of the enduse
uec_ex = unit energy consumption of existing 1990 units
nec_new = unit energy consumption of a new unit in 1990.

3.1.3. Calculation of Energy Savings

The energy savings for each measure is calculated independently of the frozen efficiency baseline, then
summed over all the measures and subtracted from the baseline. The energy savings for each measure is
equal to the number of units (N) that are candidates for a measure when time constraints are taken into con-
sideration (as determined in the previous section) times the user-input physical constraint on the number of
units that are eligible for the measure (aplbl_stock), times the amount of energy the measure saves over the
preceding measure. The latter is called the unit energy savings (UES). Thus, the energy savings is calcu-
lated with the following equation:

Savings=N*aplbl_stock*UES

The physical constraint (aplbl_stock) is a required input for each measure. The physical constraints apply
to existing homes in 1990. New homes are likely to present different physical constraints to appliances that
are placed in them than existing homes would, but we have not accounted for the possible difference (apart
from in the space conditioning enduses, where new homes and existing homes are separate enduses, and
thus have inherently different characteristics).

For appliance and existing home space conditioning enduses, the baseline level of unit energy consumption
(UEC) is the average UEC of units bought in 1990. Unit energy savings (UES) for the first measure of
each enduse is calculated from this new unit baseline UEC. Savings that would occur naturally due to turn-
over are accounted for in the frozen efficiency baseline. We therefore avoid double-counting the naturally-
occurring savings due to turnover.
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